The aim of the study was to investigate the effects of transport time up to 12 h on welfare of bulls and cows. Cattle transport vehicle was used for the experiment. Sensors to measure temperature, relative humidity and video camera to monitor behaviour were mounted in observation pen. Eighteen measurements were performed during summer and winter for 4, 8, and 12 h transport time with three replications. To determine cortisol, glucose, lactate, and creatine kinase concentrations, blood samples were collected before and after transport from 80 bulls, 82 cows and 20 control animals. Cortisol concentration was generally inversely proportional to transport time (P < 0.001). Glucose concentration for cows was the highest at 12 h and the lowest at 8 h and for bulls it increased with transport time (P < 0.002). Lactate level generally correlated with transport time (P < 0.001), but for bulls the highest and the lowest were at 8 and 4 h in winter. Creatine kinase concentration positively correlated with transport time for bulls and cows but at different rates. Loss of balance and swaying strongly correlated with transport time (P < 0.002). Based on behaviour, stress hormones and pH values, an increase from 4 to 8 h had a higher effect than from 8 to 12 h transport time on welfare and subsequent meat quality.
Introduction
Transport of animals has been increasing steadily in recent decades both on national and international level and it may continue increasing as a result of structural adjustment, specialisation of production systems, internationalisation and globalisation of marketing systems [1] . As a consequence, both transport time and distance have increased and this may compromise animal welfare and meat quality. There are also economic losses. In the US National Beef Quality Audit-2000, incidence of carcass bruises was 28.2% on the chuck (the highest among primal-cut areas) and 14.9% on the round while the occurrence of "dark-cutting" beef in carcasses was 2.3% [2] .
During handling and transport, animals are subjected to a variety of potential stressors such as heat, cold, poor air quality, vibration and noise. Many of these factors compromise the welfare and health of the animals and also reduce meat quality and may even cause death [3] . Various stress indicators are used to assess the effect of transport on welfare of animals which may include anatomical, physiological and/or behavioural changes [4] . In transport studies, cortisol, glucose, lactate and creatine are relevant parameters to describe the stress levels imposed on animals [5] . It was found that 85% of animals had creatine kinase values above the reference range (48 -121 µmol•L −1 ) after transport [6] . Behaviour has a number of major advantages in welfare studies. It is not only non-invasive, but also in many cases non-intrusive [7] . The most obvious indicators that an animal is having difficulty coping with handling or transport are changes in behaviour which shows that some aspect of the situation is aversive. The animal may stop moving forward, freeze, back off, run away, vocalize or show other behaviours including lying down [8] - [10] . Behavioural alterations have been related to external stress factors [11] to study welfare using behaviour and scoring system to evaluate the stress on cattle, with special emphasis on loading and unloading. Incidences of abnormal meat pH value provide information about the welfare of the animals during handling, transport and lairage [12] . Ante-mortem glycogen breakdown is triggered by increased adrenaline in stressful situations or by strenuous muscle activity.
High meat pH is caused by an abnormally low concentration of lactic acid in the meat, which in turn is a reflection of low muscle glycogen content at slaughter [13] . Beef meat with pH 24 greater than 5.5 is thought to be the result of pre-slaughter glycogen depletion, and the consequent inability of muscle to accumulate adequate lactic acid concentration [14] . A study confirmed that, certain physical factors associated with transport could increase stress and limit the decline of meat pH [15] . These factors include the absence of loading facilities on the farm, transport on a warm day, or a short waiting time at lairage.
It has been documented [16] [17] that although many stressors affect animals in transit, it is the thermal micro-environment within the transport container which poses the greatest threat to the animals' welfare and wellbeing. Other stressors may compromise welfare but the thermal effects can, under extremes, result in mortality in transit. Cattles during transports in Sweden are exposed to temperatures up to nearly 27˚C in summer and −16˚C in winter when loading takes place. The animals can heat up the lorry within 2 h from −16˚C to approximately 0˚C [18] . Several studies in North America have documented that transportation durations ranging between 2 and 48 h result in shrink values between 0 and 8% of body weight (BW) [19] - [21] .
Transport time is among the major stress factors during transport. Animals can be transported for 8 h without special demand on the design of vehicle and feeding conditions [22] . However, transport time more than 8 h requires certain considerations not to compromise animal welfare. Important report has been made on the effect of transport time length on animal welfare in relation to body weight loss, stress hormones and meat quality [23] . Most of the earlier studies on animal transport in relation to transport time were performed using either stress hormones or animal behaviour separately, and there have been few where animal welfare is evaluated using stress hormone, behaviour and meat quality in the same study. The main objective of the current project was to study the effect of transport time of up to 12 h on the welfare of cows and bulls, in relation to stress hormones, behavioural alterations, meat pH values, and temperature and relative humidity when transported from farms to abattoir under conventional conditions
Material and Methodology

Animals and Space Allowance
In total 162 animals (82 cows and 80 bulls) were used for the field experiment. However, the total number of animals transported in the vehicle was 347. The dimension of the observation box was 2.45 m × 2.50 m and the mean space allowance was 1.4 m 2 /animal. The average weight of the animals was between 450 and 550 kg. EU regulation regarding space requirements for medium size cattle (550 kg) travelling by road or rail is 1.3 -1.6 m 2 per animal [22] .
Vehicle
A single deck conventional cattle transport vehicle owned and operated by a commercial transport company was used for the experiment. The vehicle used for transporting the animals was Volvo FM 12 4 × 2, and its loading capacity was 8315 kg. A pen close to the cabin was chosen as a test box. The vehicle was equipped with a natural ventilation system, air suspension system and an adjustable loading ramp. The observation box was fitted with temperature, relative humidity sensors and a video camera for monitoring animals' behaviour.
Parameters
Major stress-inducing factors associated with transport activities were considered to evaluate animal welfare. The parameters and factors such as transport time; temperature; relative humidity; keeping system (tied or loose); loading and unloading conditions; number of stops; space allowance and total number of animals in the vehicle were investigated. In this study, space allowance was constant while transport time varied intentionally. Response parameters such as carcase pH value at 0, 5, 18 and 24 h post mortem; blood samples for cortisol, glucose, lactate and creatine kinase concentration levels were collected before transport at farms and after unloading at the abattoir. Animal behaviours, temperature and relative humidity were recorded continuously from farms to the abattoir. Other events such as injury, bleeding and death were also documented.
pH Measurement
In order to measure meat pH value, samples were taken from the longissimus dorsi (LD) and chilled for 24 h at +4˚C. Temperature and pH decrease were measured in LD between the 12 th and 13 th rib immediately after slaughter, as well as at 5, 18 and 24 h post-mortem.
Blood Parameters
1) Blood sample collection A vein puncture technique was used to collect blood samples from coccygeal vein. The samples were used to determine the concentration levels of cortisol, glucose, lactate and creatine kinase. At least 3 mL of whole blood were obtained using BD vacationer systems (Beliver Industrial Estate, Plymouth, UK) for serum separation and lithium heparin (LH) vacuettes for plasma separation. Collected blood was centrifuged for at least 10 min at 2000 rpm at room temperature using an Eichemeyer centrifuge. Separated cells and plasma were removed using Pasteur pipettes, placed in 1.5 mL micro tubes and stored at −20˚C until analysis.
The time between blood sampling and loading was limited and didn't allow the animals to rest fully. Some of the experimental animals were also easily agitated during blood sampling and to have representative reference values other control animals were used. For control purpose, blood samples were also collected from 20 cattle (10 bulls and 10 cows that were not transported) from different farms. These control blood samples were used to determine:
a) The concentration levels of cortisol, creatine kinase, glucose and lactate under field conditions. These values were used as references in comparison with those obtained from transported animals. b) Variations in concentration levels of cortisol, creatine kinase, lactate and glucose at different time of a day. Daily variations in cortisol concentrations levels were studied using Serum samples collected at four different times (similar to times at which samples for the field experiment were taken) a day i.e. 06:00, 09:00, 21:00, and 23:00.
2) Blood analysis Different types of devices were used to evaluate the identified blood hormones in the laboratory. Radioimmunoassay Coat-A-Count cortisol kits (Catalog number-TKCO5, Siemens Medical Solution Diagnostics, Los Anglos, CA, USA) was used to measure cortisol values while an automatic Konelabanalyser (Thermo Clinical Labsystems Oy, Vantaa, Finland) was used to analyze Serum glucose and Creatine kinase. A GM7 Analoxanalyser (Analox Instruments LTD, London, UK) was used to measure Lactate concentration levels.
Animal Behaviour
In current study behavioural alterations of animals to their new environment were continuously observed and documented during loading, transport and unloading with the help of portable and fixed video cameras. The occurrences of observed behaviours and time taken for each occurrence that the animal showed including number of animals in that observation box were continuously recorded during the whole transport processes.
1) Selection of behavioural events and their definition
The most common behavioural events in relation to animal handling and transport observed were identified based on available literature and experiences. These are provided in Table 1 with their respective definitions. These were used to evaluate behavioural alteration of animals during transport activities.
2) Occurrence and frequency of events During the experiment, occurrence of behaviours, number of animals involved, and duration of events were recorded. Video recordings and documentations of observation made during blood sampling, resting, loading, transport and unloading activities were used to identify the occurrence of events/behaviours. Number of animals involved and total number of animals in the loading compartment were considered when computing frequencies of occurrence of behaviours. Frequency and duration of events were considered for the final behavioural evaluation.
3) Final behavioural quantification Determining the percentage of animals involved in specific events, or the frequency of events are common methods to study animal behaviour alterations. The formula used (see Equations (1) and (2)) to quantify behaviour evaluates by relating transport time, frequency of behavioural events and number of involved animals. A Similar method has been used [24] in which, the final quantified behaviour was expressed as the product of frequency of events and duration of events. 
Behaviour Definition
Aggressiveness (Ag) Antagonistic behaviour observed between animals.
Eliminations (El) Defecation and urination.
Falls (Fl)
Any part of the body other than the hooves touches the ground involuntarily.
Fighting (Ft)
The animal strives to secure more space by attacking other animals.
Loss of balance (Ls)
The animal has difficulties holding its natural or walking position and tends to fall down.
Moving fast (Mf)
The animal runs rapidly towards the truck or towards the abattoir pens.
Refuses to leave original place (Rl) Unwillingness and resistance of an animal to separate from its group and leave its place.
Refuses to mount the ramp (Rm) Refuses to mount the ramp, but mounts after pushing or/and pulling.
Refuse to mount the ramp vigorously (Rg) Refuses to mount the ramp vigorously, but mounts with difficulties.
Refuses to go down the ramp (Rd) Refuses to go down the ramp, but goes down eventually.
Restlessness and change of position (Rc) The animal is constantly in motion and attempts to find convenient standing orientation.
Reversal (Rv)
The animal change direction to move against the animals flow.
Slips slightly (Sl) The animal loses balance temporarily, interfering with its normal walking.
Slips strongly (St) Almost falls down, stretching legs apart.
Smelling (Sm)
The animal bends down to the ground or floor in combination with deep, fast and interrupted breaths to feel the new environment.
Swaying (Sw)
The animal swings back and forth or from side to side.
Turning (Tn)
The animal rotates or attempts to rotate.
Vocalisation (Vc) Behavioural response expressing discomfort through frequent, high and constant sound.
where:
A: Occurrences of behaviour (number of all behavioural events); B: Total number of animals in the observation box; t: Duration of events in minutes ( the average time of duration of activities of occurrences).
Temperature and Relative Humidity
A battery-powered device was used to measure Temperature and relative humidity with electronic logger system which consisted of two parts i.e. portable and battery-operated recording and communication units. It has a PC interface unit which enable to communicate with the recording unit, download parameters, initiate sampling sequences and download the recorded data [25] . In this study, temperature and relative humidity were measured simultaneously and continuously throughout transport time. The results of comprehensive temperature and relative humidity measurements were analysed for the two seasons, two animal categories and three transport times.
In addition, number of animals in the pens of the vehicle as a whole, length of loading and unloading time and number of stops were considered for the analysis. The sensitivities of different animal species to ambient temperature and the amount of moisture in the air vary [26] . In this study, temperature-humidity index (THI) was also calculated to determine the level of thermal stress. THI was introduced [27] [28] to evaluate the combined impact of temperature and humidity. It could be expressed as:
where t ab is dry bulb air temperature (˚C) and RH is relative humidity in decimal form. In hot weather conditions, heat stress categories can be described well using THI. THI values are used to set guidelines for safe thresholds of heat stress for safe transportation of animals. Table 2 presents THI threshold values considered for evaluation of environmental conditions in the vehicle.
Experimental Design
This study covered activities of animals from farm up to abattoir and field measurements were made during two seasons. For each season, 18 field measurements were planned that included: two animal categories (bulls and cows); three transport times (4, 8, and 12 h) and three replications. The arrival time at the abattoir was planned to be 09:00. The experimental design included 5 animals (for each trip) × 3 transport times × 2 animal categories × 2 seasons × 3 repetitions. In total, 347 animals were transported from various farms to SCAN AB abattoir in Uppsala (67 km north east of Stockholm). The plan was to transport 90 animals from each category but due to shortage of animals from the same farm, only 82 cows and 80 bulls were blood sampled and transported in the observation box. Age of the bulls was 18 months that were raised for beef production, and the cows were raised for dairy which had different ages. Behavioural study was also conducted on the animals in the observation box. Blood samples (for control) were collected from 20 animals (10 bulls and 10 cows) that were not in transit.
Data Analysis
The collected blood samples were analysed at Swedish University of Agricultural Sciences (SLU) and the results were statistically analysed using a SAS software PC-based program. Analysis of variance (using MANOVA), General linear model and regression analysis were used for data processing.
Results
General
Variations in Transport Times
The selected transport times of 4, 8 and 12 h were supposed to be exact. However time deviations arose due to variations in loading and unloading time variation. The mean and standard deviations for the three classes of transport times were 4 ± 0.51, 8 ± 0.22 and 12 ± 0.15 h. Table 3 illustrates animal category, loading and unloading methods and time required in minutes. On the farms, angle of loading ramp varied between 10˚ and 15˚ and during unloading the angle was 8˚ to 10˚. Loading and unloading times varied significantly (P < 0.002) depending on keeping method (loose or tied) and animal categories. It required more time to load and unload tied animals than loose. The highest and lowest loading time per animal was obtained for tied and loose bulls (6.5 ± 3.7 and 0.77 ± 0.49 min) respectively. In the case of cows loading time for tied was (3.43 ± 1.74 min) higher than for loose (2.73 ± 1.57 min).
Loading and Unloading Method and Time
pH Measurement
Winter and summer 12 h cows transport time and pH values are presented in Figure 1 . The initial pH values for winter and summer were 6.47 and 6.42 respectively and pH 5 value for winter (5.74) was higher than summer (5.61). The ultimate pH value for winter and summer was 5.5. A summary of the mean and standard deviations of pH values are presented in Table 4 . The final pH 24 values for both winter and summer ranged from 5.58 to 5.28 in cows and 5.60 to 5.34 in bulls. Transport time has no any significant effect on pH 24 values in any animal category.
Blood Parameters 1) Control samples
Control blood samples were taken at 06:00, 09:00, 21:00 and 23:00 from animals that were not transported. Blood samples for the field experiment were also taken approximately at these times. The values obtained from control animals were used when performing statistical analysis of the samples gathered during the field experiment. In control cows, cortisol concentrations were highest at 6:00 and 9:00 and lowest at 23:00 and in bulls the trend was similar (Figure 2) .
2) Transported animals The concentrations of cortisol, glucose, lactate and creatine kinase in cows and bulls for all transport times performed during the two seasons are summarised in the Figures 3-6 . To determine the effect of transport time, the difference between values before and after transport was calculated. However, the absolute values obtained after transport were also checked against the control values obtained during the current project and reference values in the literature. a) Cortisol In both bulls and cows during both seasons, the concentration of cortisol was significantly elevated (P < 0.001) during short transport and the rate of elevation decreased with an increase of transport time (Figure 3) . However in bulls cortisol concentration during 12 h summer could not decrease with transport time.
b) Glucose The effect of transport time on concentration of glucose was significant (P < 0.01) for both animal category. However, in cows, during both seasons, the highest elevation was observed at 4 and 12 h and lowest at 8 h In bulls (summer), the concentration of lactate remained the same for 4 and 8 h and it increased by about 25% for 12 h transport ( Figure 5(b) ). However, in winter, the concentration level increased with an increase in transport time from 4 to 8 h, and decreased thereafter with an increase in transport time from 8 to 12 h. d) Creatine kinase In cows, both during summer and winter, the concentration of creatine kinase increased with an increase in transport time (from 4 to 8 h) and remained at a steady state or slight increased thereafter (Figure 6(a) ). The highest measured value, for 12 h transport time, was 109 µmol•L −1 . In bulls, the rate of increase in concentration of creatine kinase was different during winter and summer. There was slight increase from 4 to 8 h but from 8 to 12 h the increase could be as high as 3 fold. During summer measurement concentration level of creatine kinase increased from 4 to 8 h by about 4 fold and maintained nearly steady state between 8 and 12 h transport time (Figure 6(b) ). The maximum obtained value (for 12 h) during winter was 98 µmol•L −1
. In both animal categories, transport had significant effect on creatine kinase concentration (P < 0.001) and was positively correlated with transport time.
Behaviour Observations and Quantification
Behaviours like turning, mounting, fighting, change of position and lying were related to loose cattle because movement of tied animals was restricted. The total number of observed animals was 162 and 12% of the animals (cows and bulls) were tied. Behaviours of animals were quantified as described earlier and the summary of the results is presented in Table 5 and Table 6 . Table 5 (a) and Table 6 (a) present cumulative frequencies and durations of occurrence of behaviours during loading, transport and unloading. Behavioural alterations within 3 intervals of 12 h (0 -4; 4 -8 and 8 -12) transport time are presented in Table 5 (b) and Table 6 
(b).
Elimination (El), smelling (Sm), vocalisation (Vc), aggressiveness (Ag) and refuse to mount the ramp (Rm) were the main behaviours of bulls and cows. But reversal (Rv) was particular behaviour of bulls. When the animals were unloaded the most observed behaviours were elimination (El), smelling (Sm), aggressiveness (Ag), refuse to go down the ramp (Rd) and vocalisation (Vc).
During transport, in both bulls and cows, swaying (Sw), restlessness and change of position (Rc), turning (Tn) and loss of balance (Ls) were among the highest scores noted (Table 5(a) and Table 6 (a)) and increased with transport time. In both animal categories, swaying, loss of balance and restlessness and change of position were positively correlated with transport time (P < 0.002). In cows swaying and loss of balance were almost the same during the three intervals. Turning and restlessness and change of position were lowest at 8 -12 h interval and highest at 4 -8 h interval. In bulls, loss of balance and restlessness and change of position displayed higher values at 4 -8 h interval and lower at 8 -12 h intervals. But swaying increased with the increase of time intervals.
Temperature and Relative Humidity
The lowest and highest temperatures were recorded in March (−3˚C) and June (23˚C) respectively. Transport time (8 h), temperature and relative humidity variations are illustrated in Figure 7 . It is an incidence of temperature when it dropped below 0˚C and varied between −0.5˚C and −1.5˚C. During loading the temperature was 12˚C and it began to decrease immediately after the vehicle started moving. It can be observed in Figure 7 that temperature was already −0.5˚C after about one and half an h. During the whole trip, temperature variation was between −3˚C and 12˚C. It took 4:08 h before the temperature began to rise to zero. Initial relative humidity was 31% at the time of loading and even when the temperature was below 0˚C relative humidity continued rising from 44% to 74.3%.
Initial relative humidity and temperature were 38.5% and 3˚C respectively (Figure 8 ). In comparison with other higher initial relative humidity, in this case its growth was gradual not rapid during loading and transport time. Figure 9 depicts the changes in temperature and relative humidity during 4 h transport time. The initial temperature at the time of loading was −2˚C and continued falling to −3˚C during transport. The total time where temperature remained below zero was 2 h and 30 minutes. During loading initial relative humidity was 35%. Despite the decline of temperature for the specified duration relative humidity kept on rising to a level of 70.7%. The relative humidity also continued rising when the temperature started rising and reached up to 75% and thereafter maintained a steady state. During the whole trip temperature varied between −3˚C and 3˚C. Figure 10 illustrates typical temperature and relative humidity curves during summer for 12 h transport time. In this case, temperature at loading stage was around 22˚C, and decreased gradually and thereafter maintained steady state. However, when extra animals were loaded at about 5 pm the temperature started rising and continued until unloading and reached about 18˚C. During loading relative humidity was 39% the growth was gradual. During the trip relative humidity varied between 39% and 86%. In general, the rate of increase in relative humidity and temperature from initial values to maximum values depends on number of animals in the vehicle, initial value of relative humidity prior to loading and length of loading time. The above factors had a significant effect on rate of increase of relative humidity, regardless of length of transport time.
Thermal humidity index (THI)
To study the effect of transport time on THI for both animal categories, all transport time were considered within 4 h intervals (0 -4, 4 -8 and 8 -12 h). Maximum, minimum, mean and standard deviations for each interval were computed and are reported in Table 7 . For winter experiments, the lowest and highest mean values of THI indexes were 39.67 and 46.23 respectively. Summer measurements THI values varied between 51.98 and 67.26. Although relative humidity of 100% was noted very often, the THI mean values including the standard deviation of both winter and summer seasons and for the three transport times (4, 8 and 12 h) were below the threshold value of 74 and the maximum mean value was 67.26.
Multivariate Analysis
The General Linear Model (GLM) was used to assess regression and variance using multivariate analysis of variance (MANOVA). Transport time was independent variable, while blood and behavioural parameters were dependent variables. Considered blood parameters were cortisol (C), lactate (L), glucose (G) and creatine kinase (Ck). Loss of balance (Ls), swaying (Sw), restlessness and change of position (Rc), turning (Tn), fighting (Ft) and elimination (El) were the behaviours considered. Transport, blood hormones and behaviours can be described using a mathematical function that related an input to output variables. In this case transport was an input, blood hormones and behaviours were output variables. Due to transport (input), blood hormones had different values before and after transport similarly behaviours were also different than in the farms. Therefore the main idea of the expression was that the function of transport produced blood hormones and behaviours as output and they were different than before transport and could be expressed as: 
The mathematical expression also included standard error, ε so as to be able to run it in SAS programme. n p ε = × , and p is a dependent variable. Each of the p can be estimated and tested separately. Summary of the results are presented in the form of correlation matrices for cows separately ( Table 8) . The rows and columns in the Tables correspond to 11 variables.
Correlation matrix of variables in cows, as it can be observed in Table 8 that transport time has relatively strong correlation with behaviours like, loss of balance (Ls), swaying (Sw), restlessness and change of position (Rc), fighting (Ft) and turning (Tn). Lactate (L) and creatine kinase (Ck) are the blood parameters that showed fair correlation with transport time whereas glucose (G) was weakly correlated. Elimination and cortisol were negatively correlated with transport time. Certain variables as creatine kinase-lactate (0.6859), fighting-lactate (0.6859) and loss of balance-swaying (0.9235) were inter correlated at different levels and the matrix was significant (P < 0.001). Correlation matrix of bulls also demonstrated similar relationship. Dendrogram of transport time, blood hormones and behaviours of cows and bulls is reported in Figure 11 . In Figure 11 (a) transport time (T), behaviours swaying (Sw), restlessness and change of position (Rc), loss of balance (Ls) and fighting (Ft) clustered in pair form at almost same level of similarity, 97% -100%. Lactate (L) and creatine kinase (CK) could also form a pair wise cluster at around 90% depicting fairly strong correlation with transport time. Behaviour like turning (Tn) and a blood hormone glucose (G) added to the cluster at around 89% and 62% respectively. It demonstrated that glucose was weakly correlated with transport time. Cortisol (C) and elimination (El) formed a pair and sequentially added to the main clusters at around 36% level of similarity.
In Figure 11(b) , dendrogram of bulls the clusters are mainly composed of swaying (Sw), restlessness and change of position (Rc) and fighting (Ft) together with transport time. Other variables also formed pair clusters or added to the clusters. In all these cases the level of similarity lies between 90% -100%. However cortisol (C) and elimination (El) added to the cluster nearly 37% same as in the case of cows.
Discussions
Loading and Unloading Methods and Time
Loading times per animal for loose cows (2.73 min) and bulls (0.77 min) were shorter than for tied cows (2.73 min) and bulls (6.5 min) even unloading times for the respective animals were shorter. Those animals which were raised in tied method could only be loaded and unloaded in the same way. Tied bulls required more time than tied cows to load. Thus loading and unloading was strongly influenced by keeping methods of the animals at the farms, animal's category and transporters' experience. Table 8 . Correlation matrix of transport time, blood and behavioural parameters in cows. 
pH Value
Meat with a pH 24 value of 5.8 -6 or in some cases up to 6.2 is classified as DFD meat [29] . There is no general agreement on the threshold of DFD. In Sweden, the figure of 6.2 is applied, and meat with a pH 24 value between 5.8 and 6.2 is classified as "meat with low quality". The most common results observed in this study were below the minimum threshold value of 5.4 in cows and bulls. These values can be achieved in beefs if electrical stimulation is applied to the carcass or if the temperature of samples is higher than 4˚C. For the current case, it was probably due to the temperature in the samples. The values between 5.8 and 6 are considered to be of lower meat quality but are not yet classified as DFD meat [30] . In a muscle, such as the longissmusdorsi of ox, from a wellfed and unstressed animal the pH value will typically fall from about 7.2 to around 5.5 [31] .
Blood Parameters
Cortisol
In both seasons cortisol level in cows decreased with an increase in transport time. Similar results have been reported by previous researchers. Cortisol concentrations in cattle decreased as a result of habituation during prolonged or repeated exposure to transportation [32] . In a study conducted to investigate the effect of transport time on cattle for 5, 10 and 15 h, it was concluded that cortisol concentration level decreased with transport time [33] . In older cattle, cortisol concentrations increased in response to loading, unloading, and during the first portion of a journey [33] - [35] . Cortisol concentration level in bulls behaved in similar way as in cows but for 12 h summer transport time, it could not decline with transport time. The bulls which were raised for beef didn't have same level of exposure to human as the dairy cows. Beef cattle not accustomed to handling had significantly higher cortisol levels after restraint compared with dairy cattle that were accustomed to handling [36] [37]. Absolute comparisons of cortisol concentration between studies should be made with caution, as cortisol concentrations can vary greatly between individual animals and breeds [34] . Cortisol concentration decreased as transport time increased and at the initial its concentration grew as an immediate response to separation, handling, loading and transport. But after certain transport time the animals habituate to transport related exposures. In the farms cows were more exposed to handling than bulls and the level of cortisol could decline with time (in cows) whereas in bulls it couldn't behave same way as in cows. Animals less exposed to handling may get more stressed during transport situations.
Glucose
In cows, concentration level of glucose increased with an increase of transport time. ) transport time lowest and highest glucose concentrations were noted during winter. Glucose concentrations during summer were also highest at 12 h and lowest at 8 h transport time. Glucose concentration level of bulls increased in proportion with the increase in transport time. It was reported that physiological measures including serum glucose and creatine ratio were affected by transport duration in a linear fashion [38] . When an animal is transported, psychological, physiological, and physical stress result in the release of hormones. These releases correspond to elevated blood glucose concentrations [14] [39] .
After 12 h transport time, maximum glucose value for cows was 7.53 mmol•L . The corresponding reference value in the literature is 4.4 mmol•L −1 [40] . Glucose and lactate concentrations were positively correlated with transport time, but the rate of increase between 8 and 12 h was lower than that from 4 to 8 h (or remained steady state). In cows, in summer there was no significant effect, while in winter a higher concentration was observed for 12 h transport. However, values for 12 h did not exceed the upper limits [40] . In cows glucose did not increase with transport time, on the other hand there was a linear growth of lactate concentration with transport time and lactate increase in concentration is more correlated with the intensity of muscle activity. Therefore growing in lactate concentration indicated that it took over glucose for the strenuous and prolonged muscle activities. In an assessment of stress in cattle after handling, transport and after slaughter and comparing handling to transport; the authors concluded that transport stress was associated with increased lactate concentrations [41] . Results reported previously by other researchers [33] also showed an increase in lactate concentration with transport time. In cows (winter and summer) and bulls (summer) lactate concentration correlated with transport time. Lactate concentration in bulls (summer) remained the same for 4 and 8 h and increased at 12 h but during winter it was lowest and highest at 4 and 8 h transport time respectively. Lactate concentration was not in consistent with transport time in bulls but concentration in glucose increased with journey time and it was highest at 12 h transport time. Therefore glucose increase in concentration could manage the muscular activities of the animals.
Lactate
Creatine Kinase
The concentration level of creatine kinase in bulls and cows correlated with transport time during both winter and summer. In both cows and bulls, the increase of creatine kinase concentration due to an increase from 4 to 8 h transport time was at a higher rate, and maintained almost steady state between 8 and 12 h (Figure 6(a) and ). Creatine kinase concentrations in cattle, during transport have been reported by several researchers. Not only do plasma levels of creatine kinase increase proportionately with the duration of the journey, but they also remain high for several days after transport [33] [35] . During cattle transport there was no muscular damage in the form of bruise. Therefore the release of the enzyme creatine kinase into the blood stream was as a result of vigorous physical exercise and muscular fatigue.
Animals Behaviour
During loading, the most common behaviours of bulls and cows observed were elimination (El), smelling (Sm), vocalization (Vc), aggressiveness (Ag) and refuse to mount the ramp (Rm). Refusing to mount the ramp had the highest score in both animals' categories, reflecting high stress level as consequences of separation and new environment. Cattle if nervous or frightened, defecate more often and usually more liquid feces [42] . Furthermore the author stated that intensive sound occurred when cow was separated from the herd. At the beginning of a journey, cattle are generally anxious and restless and defecate and urinate frequently [35] . Isolation of cattle induces struggling, vocalization, increased heart rate and plasma cortisol levels [43] .
In this study, when behaviours of the animals were quantified swaying, (Sw), restlessness and change of position (Rc), turning (Tn), loss of balance (Ls) and fighting (Ft) showed strong correlation with transport time. It was found that, loss of balance is a major determinant in injuries in transported cattle. The author found that one-third of events where cattle were floored during transport were caused by loss of balance during cornering [44] . These behaviours are not common in the farms and the animals showed the behaviours in an attempt to cope with the challenging environment.
Cattle do not readily lie down while being transported and this forced standing causes them to become physically tired during transport in a way that is not seen in pigs and sheep [35] . Due to this behaviour, transport is stressful for cattle and makes them fatigue. The continuous increase in creatine kinase activity with an increase in transport time noted in this study indicates increasing muscular fatigue, which could be attributed to swaying, restlessness and loss of balance behaviours of animals during transport.
Temperature and Relative Humidity
The mean THI values for all transport times and seasons remained below the threshold value of 74, which is within the range of normal values. Maximum values of THI occurred mostly during loading and this might have been due to inadequate ventilation resulting in rapid heat build-up in the loading compartment. This resulted in greater THI mean values when compared with the overall transport time. High initial relative humidity contributed most to rapid increase in humidity, together with rising temperature whereas when the initial relative humidity did not exceed 40%, the growth was gradual and remained mostly around 80% -90% regardless length of transport time. The possible reason for high initial humidity (above 40%) could be the availability of high moisture after washing the vehicle, and insufficiently ventilated floors and side walls. In those cases where the values were below 40% prior to loading the rise of relative humidity was not rapid but gradual (Figure 8) .
In all measurements, whether temperature was rising or falling, relative humidity constantly increased during transport. Temperature dropped below 0˚C or below the recommended level during certain measurements of the field experiments (Figure 7 and Figure 9 ). During these trips, temperature remained below zero for at least half of the journeys duration. Sudden drop of temperature from 12˚C to −0.5˚C was also observed within the duration of about 1:30 h (Figure 7) . Nevertheless relative humidity was increasing during those incidences to various levels and reached 74%.
Low temperatures and high air humidity may enhance heat dissipation and the animals suffer from cold [45] . The recommended temperature and relative humidity values included upper limits for temperature and relative humidity and lower limits only for temperature [46] . But when temperature is falling and relative humidity is rising, welfare of animals is impaired not only because of temperature but also of the combined effect of temperature and relative humidity.
Therefore low temperature (below 0˚C) and high humidity affected welfare of cattle even though only temperature limit is specified in the recommended table (see Table 9 ). The main causes of temperature below the recommended level were that when outside temperature was below 0˚C and unnecessarily delayed loading time occurs, and as the poorly insulated container's door remained open during loading. 
Conclusions
The welfare of animals can be affected as a result of transport and poor welfare in animals is caused by the stressful conditions which they encounter during transport processes. This study was conducted to investigate the effect of transport time of up to 12 h on the welfare of cattle considering climatic conditions, animal behaviour and stress hormones, and final pH values in carcases. The results indicated that transport and handling activities and transport time had significant effects on animal welfare as evidenced by blood and behaviour parameters. An increase in transport time from 4 to 8 h had a higher effect than an increase from 8 to 12 h on the animal welfare. Most of the values of stress hormones and behaviour increased slightly or remained steady state between 8 and 12 h. The measured pH 24 values in carcases showed no significant effect of transport time in any animal category. Cortisol concentration level was the highest for the shortest transport time (4 h) and the lowest for the 12 h transport time, but it increased with transport time only in bulls during summer experiments. Concentrations of cortisol, glucose, lactate and creatine kinase in the blood in both cows and bulls after transport were significantly higher than control values. Glucose concentration level in cows during winter and summer was the lowest at 8 h and the highest at 12 h transport time. But, in bulls it increased with an increase in transport time. The rate of increase of creatine kinase concentration was higher when transport time increased 4 to 8 h than from 8 to 12 h for both cows (winter) and bulls (winter and summer).
Behavioural alterations, particularly loss of balance, swaying, and restlessness were the main effects observed and these were correlated with transport time. There were no reference values to draw plausible conclusions based on these results. However, most of the aforementioned behaviours, with the exception of swaying, increased at a high rate from 4 to 8 h transport time and remained either steady state or decreased slightly thereafter in most cases. Therefore, an increase in transport time from 8 to 12 h had a less effect on the behaviour parameters used in this study than increasing from 4 to 8 h. The loss of balance and swaying were highly correlated with the elevation of creatine kinase in cows. It is important to note that determination of acceptable threshold behaviour values requires further comprehensive research.
